Abstract. Five potassium fertilization rates ranging from nil to 80 kg/ha/cut were compared over 2 to 3 years in field trials on timothy leys at nine sites between 61 and 65°N. The grass was cut twice a year and the contents of nitrogen, potassium, calcium and magnesium in yields were determined. The soils were tested at the beginning and at the end of the trials.
Introduction
The requirement of potassium fertilization of ley crops on finnish soils has been investigated by means of a number of field experiments. Potassium application has been essential for good yields on organogenic soils and on coarse mineral soils (SALONEN and TAINIO 1961) , but silt and clay soils have usually produced maximum yields without any added potassium (KERÄNEN and TAINIO 1968) .
Since these and other older experiments have been carried out, a much more intensive cropping of leys has become a general practice. The manipulation of the growth of grasses by heavy nitrogen dressings, which is a key to high energy and protein yields , greatly increases potassium uptake and hastens depletion of potassium reserves of soil (JOY et al. 1973 , SILLANPÄÄ and RINNE 1975 , TÄHTINEN 1979 .
The increased uptake may be compensated by increased amounts of applied potassium, but too heavy a potassium dressing is harmful, as excess potassium changes the mineral composition of plants poorer in animal nutrition (ETTALA and KOSSILA 1979) . To maintain the potassium of leys within the sufficient but not excessive range, fertilizer potassium should be applied in frequent small dressings. Excluding clayey soils having a high potassium buffer power, a separate dressing for every cut is preferable (MELA et al. 1977 , PELTOMAA et ai. 1979 , SAARELA et ai. 1981 .
The aim of this study is to investigate how large amounts of fertilizer potassium should be applied on Finnish soils in intensive ley cropping. An estimation of the requirement of potassium fertilization by means of soil and plant tests is also examined.
Material and methods
The material comprises nine 2 to 3 year field trials on timothy leys cut twice a year. The treatments in comparison are five potassium fertilization rates from nil to eighty kilograms potassium a hectar with equal differences of twenty kilograms between the rates. Potassium was applied as potassium chloride fertilizer (50 % K) separately for every cut: Single dressisng Total in a year 0 kg K/ha Potassium was topdressed at the beginning of the growing seasons and immediately after the first cut. At the same times, ammonium nitrate limestone (27.5 % N) was dressed at the rate of 80 kg N/ha. Superphosphate (8.7 % P) was dressed at the beginning of the growing seasons (45 kg P/ha).
A randomized block desing with four replicates, modified to limit the differences between adjacent plots to 40 kg K/cut, was used in the trials. The gross areas of the plots were 50 m 2 and the harvested and weighed areas were 10-16 m 2 . Trials 1 to 5 were started in 1977, trials 6t09 in 1978. The soils were sampled before the first spreading of fertilizers and at the end of the trials. The soil pH (H20) and the nutrients extractable into acid ammonium acetate (x-AAA) were determined according to VUORINEN and MÄKITIE (1955) as described also by TARES and SIPPOLA (1978) . The particlesize distribution was analysed using ELONEN's (1971) pipette method. The organic carbon was determined using a colorimetric dichromate combustion method (TARES and SIPPOLA 1978) . The HCL-extractable potassium (K--HCL) (Table 3) was extremely variable, the lowest being 6.4 g/kg and the highest 45.8 g/kg. The differences between the soils were largest without potassium, as potassium fertilization increased the contents most on soils with the lowest amounts of available potassium. The large variability between cuts in some trials was due to different stages of development, as the plant potassium content decreases with advancing maturity.
Plant potassium contents were not systematically different in the first and second cuts of a year. The same result has also been obtained in other studies when the potassium had been applied separately for every cut in equal doses (MELA et al. 1977 , PELTOMAA et ai. 1979 , TÄHTINEN 1979 , SAARELA et ai. 1981 and even if the dressed amounts have been weighed in spring (BAERUG 1977 b, HERNES 1978 . When the potassium fertilizer has been applied in single dressings in spring the potassium content has been higher in the first cuts than in other cuts . The drop in potassium content has been large on organogenic soils and on coarse mineral soils, but much less on clay soils (MELA et al. 1977 , PELTOMAA et al. 1979 .
Plant nitrogen contents (Table 4) varied between cuts in different stages of development in the same manner as the plant potassium contents. Differences between potassium rates were opposite to potassium content differences, as the available nitrogen was concentrated into the lessened amounts of plant tissue. A significant lowering of plant nitrogen content without any yield increase was observed in two cases.
Plant calcium and magnesium contents (Tables 5 and 6 ) usually decreased with increasing potassium rates, but to a very variable degree on different soils. In the first cuts the calcium and magnesium contents were not at all lowered by potassium fertilizer at sites where the soil clay content was 14 % or more. The effect of potassium rates on plant calcium and magnesium contents increased with time, as the increase followed the potassium deficiency of the grass which became more and more severe.
The highest magnesium contents of plant observed in this study, up to 6.8 g/kg, are unusually high for a grass crop (RINNE et ai. 1974 , BAERUG 1977 b, MELA et al. 1977 , JOKINEN 1979 , PELTOMAA et ai. 1979 , TÄHTINEN 1979 , SAARELA et ai. 1981 . The changes in plant mineral composition have also varied between soil types in previous studies (MELA et al. 1977 , TÄHTINEN 1979 . On a heavy clay soil potassium fertilization has even increased the calcium and magnesium contents of timothy (SAARELA et ai. 1981) .
Nutrient uptakes Potassium uptakes exceeded the amounts added in the fertilizer even with the highest rate (Table 7) . Apparent recovery of applied potassium was nearly 100 % on the non-clayey soils but lover on the clayey (> 14 % < 0.002 mm) soils in trials 1, 2 and 7. The over 100 % aparent recovery, which was significant in trial 9, is not impossible, as the more vigorous plants stimulated by applied potassium takes also soil potassium more efficiently.
Nitrogen uptakes also usually exceeded the nitrogen amouts (160 kg N/ ha/year) added in the fertilizer (Table 7) . This was a result of the high content of organic matter in the soils and nitrogen mobilization from it. Only severe potassium deficiency decreased nitrogen uptake noticeably, as the increase in yield nitrogen content compensated the decrease in dry matter yield with slight deficiency. Calcium and magnesium uptakes were not much affected by potassium rates except in the case of very severe deficiencies, when the increases in contentswere not large enough to compensate the decreases in yields (Table  7) . Calcium and magnesium uptakes were maximum with slight deficient potassium rates, which were the middle rates on most of the soils.
Potassium uptakes without potassium application were small and soon decreased on non-clayey soils, but were larger on clayey soils with a larger content of acid-extractable potassium (Table 8) . 
Soil potassium
At the end of the trials the soils were quite exhausted of available potassium even with the highest rates (Table 9 ). This would be expected after the negative balances. The subsurface soils at a depth of 20 to 40 cm were relatively more depleted than the surface soils and the potassium fertilizer had no effect on them. In the surface soils the contents of potassium extractable in acid ammonium acetate were highest with the largest rate, but the differences were usually small, in accordance to the high apparent recoveries in yield. The soil effects were largest in trials 1 and 2 and 7, where the differences in uptakes were smallest. In trial 4 the soil samples were taken after the third year, when oat was grown with a positive potassium balance up to 40 kg K/ha with the highest rate (results not given here). (SILLANPÄÄ and RINNE 1975) . The potassium deletion of the subsurface layers (Table 9) show that timothy takes up potassium from below the plough layer efficiently, at least under some conditions. The proportion of potassium taken up below the plough layer may be greater than 5-10 %, which is an estimation by JOY et al. (1973) .
Dependence of response on soil and plant variables
The relative differences between the dry matter yields were greater when there were less extractable potassium (K-AAA) in soil, less potassium in plant and more magnesium in plant (Table 10) . K-HCL was not accepted to (highest = 100) are plotted against the mean K/N ratios in Figure 1 . The figure shows that yield is likely to begin decreasing when the K/N ratio decreases under 1. The most deviating plots above the others are from trial 4, where the herbage contained the most wild grass species.
Discussion
The results confirm the importance of potassium fertilization, for ley crops on Finnish peat soils. In the 42 long-term field trials in the years 1932 to 1959 on peat soils, 120 kg/ha potassium was required for full yields although the nitrogen fertilization was 30 kg/ha only and the level of yields According to regression calculus, both soil and plant analyses may be useful in potassium control of leys. The rapid exhaustion of ''exchangeable" soil potassium (K-AAA) in soils with a low potassium buffer power, especially peats, ought to be taken into account. Nonexchangeable potassium that is released by a strong acid seems to show the long-term potassiumreleasing ability of soil quite accurately, but further studies are necessary for proper evaluation of the test. Especially soils in the group of coarse mineral soils are variable in their potassium releasing abilities (KAILA 1967) and would need a kind of subclassification. Clay soils, gyttja clays exluded, are usually ''rich" and organogenic soils are usually ''poor" in slowly-releasing potassium.
The critical plant potassiun content (the lowest content which gives maximum yield) was highly variable in the present study. A (BAERUG 1977 b, MELA et al. 1977 , HERNES 1978 , PELTOMAA et ai. 1979 , TÄHTINEN 1979 , SAARELA et ai. 1981 . As low a value as 1.6 %, which has been obtained by REITH et al. (1964) and quoted by ETTALA and KOSSILA (1979) , may be under Finnish conditions in light of the present trials and the referred papers, a sufficient potassium content in low-proteineous hay but not in grass at the silage stage.
